Introduction
Aging-associated issues have been under the global lens for some time now. It is estimated that approximately 13% of the 7 billion people worldwide are older adults aged 60 years and above. 1 This number is expected to increase in proportion to 21% in the year 2050. 1 Malaysia faces a similar phenomenon with an estimated 7% out of 28 million population consisting of older adults aged 60 years and above. 2 By year 2035, this number is expected to rise to 15%, and this is likely to gain Malaysia the status of an aging nation. Physical and cognitive function is known to decline with age. 4 This is accelerated with other related deterioration of various functions and prerequisites of body to optimum physical performance among older adults, 4 which may result in an increase in falls and related issues. 5, 6 Falls among older adults is the major contributor to loss of independence, hospitalization from trauma, injury-related deaths and fractures, 7 decrease in quality of life, 8 and associated health care cost. 9 One method for effective management of health care resources is preventive care that includes early detection and management of falls in older adults. 10 Early screening among older adults is recommended for preventive fall strategies. 11, 12 In line with this, screening should be simple, fast, and inexpensive to perform. Some of these physical performance tests may meet those criteria.
Numerous simple and composite physical performance tests have been used for screening risk of falls among older adults. Examples of simple assessment tools include gait speed, 13 limits of stability, and 30-second chair stand that focuses primarily on mobility, balance, or strength function.
14 Meanwhile, composite tests measure physiological impairments (sensation, vision, strength, postural sway, and reaction time) and a battery of physical performance tasks (sit-to-stand (STS), static standing balance, and gait speed) such as physiological profile assessment (PPA) 6 and short physical performance battery (SPPB), 15 respectively. An association between simple and more complex physical performance tests provides the concurrent validity of simple physical performance tests.
Previous studies among community-dwelling older adults have found a correlation between some of the simple and composite falls assessment tools such as gait speed, STS, near tandem standing tests, and subcomponents of physiological factors among community-dwelling older adults. [16] [17] [18] Similarly, significant correlation between physiological falls risk assessed using PPA, Timed Up and Go (TUG) test, 19 and self-reported physical functional measures 20 has also been demonstrated. We recently reported a correlation between some physical performance measures and physiological falls risk measured using PPA among older adults with undernutrition. 21 However, there is no such information among community-dwelling older adults.
The aim of the present study was to examine the association between physiological falls risk measured using PPA, agility, dynamic and static balance, physical performance battery, grip strength, gait speed, and TUG tests. This further assisted in identifying the most robust physical performance test to measure physiological falls risk and to determine its predictive and discriminative ability among community-older adults.
Method Participants
This cross-sectional study involved 140 community-dwelling older adults (46 men and 94 women) aged 60-82 years (mean: 65.77 years, SD: 4.61), who were ambulating independently with or without assistive device. Participants were recruited through flyers and posters at a senior citizens club in Kuala Lumpur, Malaysia. Participants who were unable to comprehend and follow instructions with a mini-mental state examination score ,23; having known acute illnesses, current or recent fractures, ear infection, or vestibular disorders; taking drugs that could affect muscle strength and balance; unable to hold shoulder at 90° flexion; unstable chronic diseases such as unstable diabetes mellitus and uncompensated heart failure; medical conditions such as malignancy and musculoskeletal disorders; and neurological problems such as Parkinson and stroke were excluded from the study. Ethical approval was obtained from the Secretariat for Research and Ethics of Universiti Kebangsaan, Kuala Lumur, Malaysia.
Participants' falls risks were measured using PPA and physical performance tests as listed in the following subsections. These tests were performed by trained final year physiotherapy undergraduates. To avoid inter-rater reliability issues, each test was performed by the same rater all the time. A 10-minute rest or more when required was provided between each test.
Measurements Physiological profile assessment
Falls risk is measured using the short version PPA that included contrast sensitivity, proprioception, muscle strength, simple hand reaction time, and postural sway tests. 6 Intraclass coefficient (ICC) for these tests was found to range from 0.50 to 0.97. 6 PPA has 75% accuracy to screen falls risk in both community-dwelling and institutionalized older adults. 6 Composite falls risk score of PPA was calculated using a web-based program (FallScreen©).
short physical performance battery SPPB is a composite outcome measure of lower limbs function including strength, endurance, gait, and balance. 15 SPPB measures three components, namely, walking speed, chair stands, and standing balance, and have excellent ICC =0.88-0.92. 22 Previous studies show that SPPB is able to predict disability, institutionalization, falls, and mortality among older adults. 15 
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Physical performance test to measure physiological falls risk 0 to 4 (0= inability to complete the task; 4= highest level of function) was scored for each task of SPPB with the sum of these three tests (0-12) reflecting the complete measurement of physical function. 15 
Ten-step test
TST is a modified agility test for older adults. 26 The testretest reliability of TST was reported to have an ICC of 0.86 (P,0.01). TST was performed by instructing participants to step up and down a block with the height of 10 cm using alternate feet. The time to complete ten repetitions was recorded. A familiarization trial was provided before performing the test twice. The quickest time was taken as the measurement in units of 0.1 second using a stopwatch.
static balance test
Static balance test (SBT) was measured using an intelligent balance board (Probalance; Lab Rehab Pte Ltd., Singapore). 27 Reliability of this balance board is reported to be within 0.92-0.93. 28 The balance board detects anteroposterior and mediolateral sways in degrees and an overall function score was calculated using the balance board computer software interface. Participants were assessed by instructing them to stand on the balance board with eyes open and both hands at the sides of body for 30 seconds. This test was repeated three times, and the mean value of the scores was taken as the overall function scores.
Functional reach test
Dynamic balance was assessed using functional reach test (FRT) that mainly focused on anterior and posterior stability. 29 FRT has excellent reliability (ICC =0.89-0.92) and is able to predict falls risk among older adults. 29, 30 Healthy individuals with adequate balance function are expected to reach 25 cm or more. 30 Participants were instructed to stand close against a wall with a measurement tape fixed on the wall and to keep their shoulder in 90° flexion parallel to the measurement tape. Participants were required to reach forward maximally with arm outstretched equal to shoulder's height without moving their feet or touching the wall. Participant's way of reaching was not restricted and the distance (in cm) of reach was represented by differences between the starting and ending position of knuckle of third metacarpal. Three experimental trials were performed with the average taken as the result, and two practice trials were done before experimental trials.
Dominant hand-grip strength
Dominant hand-grip strength (DHGS) was measured using a handheld dynamometer (Jamar ® Lafayette Instrument
Company, Lafayette, IN, USA). DHGS has been reported to have a good-to-excellent reliability in older adults (ICC =0.60-0.90). 31 DHGS was performed by instructing the participants to sit comfortably with the dominant arm at side of the body and at right angles with the elbow and hand held in mid-supination/pronation position. Participants were then instructed to squeeze the handle of the dynamometer and maintain for 5 seconds. Three trials were performed with adequate rest in between trials. The best reading of three trials was taken as the DHGS in unit of kilogram (kg).
gait speed test
Gait speed test (GST) is a measure of mobility and has been reported to be able to predict falls risk among older adults. 32 GST has a high test-retest reliability with ICCs $0.90 among older adults. 33 GST was assessed by having participants to walk a 10 m pathway at self-paced speed. No assistance was allowed but any walking aids used by participants were permitted. Time was recorded after participants had walked past the first 2 m and stopped at 8 m to allow acceleration and deceleration during walking. Assessors walked with the participants for safety purposes and three trials were performed. Gait speed was calculated by dividing the total distance (6 m) to the time taken in seconds. The average speed of the three trials was taken as the gait speed in meters per second.
Timed Up and go test
The TUG test is a measure of functional mobility among older adults. 34 TUG test has been reported to have high reliability (ICC =0.98) in older adults. 35 Participants were instructed to sit on a chair (height of 46 cm and with arm rest height of 65 cm) that was placed against the wall. Participants were instructed to stand, walk at their normal pace on a 3 m pathway, turn at the end point mark, walk back on the determined pathway, and resit on the chair. Participants were allowed to use their walking aid but were not provided with any assistance. Time in seconds (s) were recorded when the buttock of the participants touched the chair on completion. Participants were allowed a trial session for familiarization, and three experimental sessions were performed with an adequate rest between each tests. The mean of the three scores was taken as the TUG test score. distance values for all the variables were below 11. A binomial logistic regression was performed while controlling for age and sex to examine the significantly correlated independent variables (physical performance tests) with falls risk (dependent variable).
Results

Physiological falls risks
The physiological falls risk based on PPA categorization is as depicted in Figure 1 . Falls risk was reorganized based on only high and low risk of falls. High and low risk of falls were defined as older adults who scored above and below the score of 2, respectively, based on a previous study. 19 Only 12.86% of the total participants were categorized to have high risk of falls, whereras 87.14% participants were of low risk of falls.
The demographic characteristics of the participants are as shown in Table 1 . Approximately 50% of the participants in the high risk of falls had history of falls. Significant differences (P,0.05) were demonstrated for age, TST, SPPB, FRT, SBT, and TUG test between high and low falls risk group. Table 2 shows the correlation coefficients between physiological falls risk and physical performance tests. A significant weak correlation was found between physiological falls risk and all physical performance tests except for DHGS and GST. Physical performance tests as predictors for physiological falls risk are as depicted in Table 3 . Binary logistic regression was used as the data did not meet the assumptions for a multivariate regression. Significant correlations of physiological falls risk that comprised of TST, SBT, SPPB, and TUG were included in the regression model to predict the tests that were able to predict physiological falls risk. Age was also added to this model as age significantly correlated with physiological falls risk. SBT was demonstrated to be a significant (P,0.05) predictor of physiological falls risk.
Further test for discriminative ability of SBT measured using a balance board to discriminate between high and low physiological falls risk showed that area under the receiver operating curve (ROC; area under curve) was 0.70 (P=0.01) with confidence interval of 0.59-0.82. Based on the receiver operating curve, coordinates of the curve of 2.18 (sensitivity of 0.65 and specificity of 0.37) were identified as the cutoff value to identify high risk fallers among community-dwelling older adults (Table 4 ). These results indicate that for every 2.12° increase in sway detected using the balance board, there is one-unit increase in falls risk. The results showed that approximately 65% older adults will be correctly identified as high risk fallers when using SBT. The total area under curve of the test was significant (P,0.05) ( Table 5 ), indicating that SBT measured using a balance board was a good discriminative test to identify high risk fallers among community-dwelling older adults.
Discussion
The aim of the study was to establish the association between various physical performance tests such as agility (TST), physical performance (SPPB), dynamic balance (FRT), static balance (SBT), functional mobility (TUG), gait speed (GST), dominant hand-grip strength (DHGS), and falls risk (PPA). The results of this study showed that SBT measured objectively using a balance board was the most robust physical performance measure for physiological falls risk.
Age was a covariate identified in this study with a positive significant correlation with physiological falls risk in community-dwelling older adults. Further tests showed that 
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Physical performance test to measure physiological falls risk it was not a predictor of falls risk. The relationship of age and sex with falls risk among older adults is inconsistent so far. Age and sex are significant risk factors for falls risk 36 but was not reported to affect falls incidence. 37 In contrast, age was demonstrated to predict falls among older adults in some findings. 20, 38 Age-related changes such as decreased muscle strength and postural stability explain the correlation of age and falls risk. Age, however, does not predict falls and possibly could be attributed to interactions of other related factors such as participants' age range. For example, effect of sex on falls risk was determined by location of the fall. 39, 40 Indoor and outdoor falls were related to older females and younger males, respectively. 39, 40 Agility and balance has been argued to be difficult to differentiate. 41 Agility is the ability to move quickly without losing balance. This supports our findings regarding a significant correlation between agility, measured using TST with physical functional measures related to dynamic balance such as FRT, gait speed, and TUG. In our previous study, agility was demonstrated to be related to cognitive function. 42 Agility significantly improved with balance exercises 43 in older adults. Agility may not have appeared as a predictor for physiological falls risk in this study, probably because balance and age have accounted for this effect. A correlation between agility and age has also been reported. 44 Static balance measuring postural sways objectively using a balance board was found to be the only predictor of physiological falls risk in the present study. Similar results were previously found. 45 It is believed that older adults use hip rather than ankle strategy in maintaining balance due to age-related impairments. An association between increased muscle co-contractions in the ankles and falls was reported in a previous study during static balance. 46 In agreement, postural sways have also been found to be predictors of falls risk. 47 One of the components measured in physiological falls risk is postural sway and this may also possibly explain the reason for its association with falls risk in the present study.
In this study, SPPB as a battery of test was significantly correlated with physiological falls. STS test as one of the test in SPPB was noted to be correlated with all the subtests in PPA that measures physiological falls risk. 48 The results showed that STS function was significantly correlated (P,0.01) with knee extensor strength (r=−0.43), contrast . 17 Similarly, a correlation was also reported between STS and all other sensorimotor measures. 48 Unlike in our study, physical performance measured using upper body strength and flexibility, lower body strength, balance, and endurance was reported to be a strong predictor of falls risk. 20 This inconsistent finding may be due to the fact that all the subtests in SPPB focus more on lower limb functions compared to overall body strength, balance, and endurance.
Total score of physiological falls had a significant negative correlation with dynamic balance, measured using FRT in our study. In a previous study, maximum balance range and coordinated stability tests to measure dynamic balance were significantly correlated with subscores of physiological falls comprising contrast sensitivity, simple hand reaction time, proprioception, and knee extensor strength. 48 However, FRT did not appear to be a predictor for physiological falls in the present study. It is noteworthy that dynamic balance measured using FRT was also not correlated with SBT. This could be attributed to the fact that FRT although a dynamic balance test is limited to a single direction of reaching forward. In higher functioning older adults, FRT may not provide enough challenge in postural control system. TUG test had a significant correlation but did not appear as a predictor of physiological falls risk among community-dwelling older adults. This finding is consistent with a recent report about TUG test having limited ability in predicting falls risk. 49 However, TUG test has been known to be a sensitive measure for falls risk in older adults with impairments. 35 A nonlinear relationship between functional mobility and falls risk has also been highlighted in a previous study. 50 Further studies may be required to determine the discriminative and predictive validity of TUG test in communitydwelling older adults. Probably, the cutoff values of TUG in relation to falls risk in community-dwelling older adults may be much lower compared to the 13.5 seconds recommended among adults with impairments. 35 Even older adults categorized to have a higher risk of falls in the present study scored 40% lower scores compared to these scores. It can be considered that cutoff values of TUG test established in many case control studies may be biased 49 and not applicable to community-dwelling older adults.
Falls risk is dependent on multiple intrinsic and extrinsic factors. In our study, falls risk was limited to physiological factors measured using PPA and among community-dwelling older adults. Participants with diseases were excluded and details of other conditions such as insomnia and types of medication were not obtained. Therefore, the results may not be generalized to frail and institutionalized older adults.
Conclusion
The conclusion, the weak correlation results between PPA and the physical performance tests such as TST, SPPB, FRT, TUG, and SBT suggest that physical performance tests may not be useful as a stand-alone test to screen for falls risk among community-dwelling older adults. The results of our study also showed that postural sways measured objectively can predict physiological falls risk, with an increase of every 2.12° resulting in a one-unit increase in falls risk. Although unsatisfactory, with 65% sensitivity and 35% specificity, measuring postural sways objectively, eg, using a balance board is simple and fast. This method may be of use for initial falls risk screening in community-dwelling older adults 
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Physical performance test to measure physiological falls risk and clinical settings. Further studies with a larger number of participants and prospective falls incidence followed up for a year may be beneficial in establishing precise cutoff values and predictive validity of falls risk using objective measurements of postural sways.
Moreover, the reference values of physical performance tests in our study may be used as a guide for initial falls screening in categorizing high and low physiological falls risk among community-dwelling older adults. A more comprehensive assessment of falls risk can be performed thereafter for more specific intervention of underlying impairments.
